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1. 

GAS TURBINE GEARBOX 

TECHNICAL FIELD 

The present invention relates to gas turbine engines, and 
most particularly to gearboxes of Such engines. 

BACKGROUND OF THE INVENTION 

In a typical turboprop engine, the propeller rotates in only 
one direction and the gearbox is designed to handle the 
associated reacted propeller loads accordingly, in addition to 
transmitting the driving power. However, because the gas 
turbine direction is generally fixed the propeller loads are 
Somewhat asymmetric, and the gearbox design will vary 
depending on which direction the propeller is intended to 
rotate. Thus, if a gas turbine manufacturer wishes to provide 
a generic gas turbine engine capable or spinning a propeller 
in either direction depending on the customer's preference, 
two different gearbox designs must be available. Providing 
two gearboxes, however, increases the costs of production, 
inventory, etc. and, accordingly, there is a need for an 
improved gas turbine gearbox design adapted to drive a 
propeller either direction. 

SUMMARY OF THE INVENTION 

It is therefore an aim of the present invention to provide 
a generic gearbox design which minimizes duplication for 
different turboprop applications having differing directions 
of rotation. 

Therefore, in accordance with the present invention, there 
is provided a gearbox for rotating a propeller of a gas turbine 
engine in a selected one of a first and second direction, the 
gearbox comprising a casing defining an enclosure, an 
output shaft rotating the propeller in the selected one of the 
first and second directions, the output shaft being partially 
enclosed in the casing, a mating gear driving the output shaft 
through a gear train, the mating gear having a first position 
within the casing, an input shaft receiving power from a 
turbine and rotating in the first direction, the input shaft 
being partially enclosed in the casing, an input pinion 
coupled to the input shaft, the input pinion having a second 
position within the casing, a plurality of accessory drive 
gears each adapted to drive one accessory, the plurality of 
accessory drive gears each having a third position within the 
casing, a multiple member gear rotating in the first direction, 
each member of the multiple member gear being meshed 
with at least one of the plurality of accessory drive gears, and 
the multiple member gear having a fourth position within the 
casing, and wherein an interaction exists between the input 
pinion, mating gear and multiple member gear, selected 
from the group consisting of a first and second configuration 
with the first, second, third and fourth positions being the 
same in the first and second configuration, the first configu 
ration consisting of the input pinion being meshed with the 
mating gear Such that the mating gear rotates in the second 
direction, and the multiple member gear being meshed with 
a first idler gear which is meshed with an accessory pinion 
coupled to the input pinion, the first idler gear and the 
accessory pinion being located within the casing, and the 
second configuration consisting of the input pinion being 
meshed with a second idler gear which is meshed with the 
mating gear Such that the mating gear rotates in the first 
direction, the second idler gear being located within the 
casing, and the multiple member gear being coupled to the 
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2 
mating gear, wherein the selection between the first and 
second configurations determines the selected one of the first 
and second directions. 

Also in accordance with the present invention, there is 
provided a method of manufacturing a gearbox for rotating 
a propeller of a gas turbine engine in a selected one of a first 
and second direction, the method comprising the steps of 
casting a casing, selecting one of a first and second con 
figuration corresponding to the selected one of the first and 
second direction, machining the casing according to the 
selected one of the first and second configuration, partially 
inserting an input shaft and an output shaft within the casing, 
providing in the casing a gear train adapted to drive the 
output shaft, a mating gear meshed with the gear train, an 
input pinion coupled to the input shaft, a multiple member 
gear, and a plurality of accessory drive gears each adapted 
to drive one accessory, at least one accessory drive gear 
being meshed with each member of the multiple member 
gear, providing in the casing at least one element corre 
sponding to the selected one of the first and second con 
figuration, the at least one element of the first configuration 
consisting in a first idler gear and an accessory pinion, and 
the at least one element of the second configuration con 
sisting in a second idler gear, and arranging an interaction 
between the input pinion, the mating gear, the multiple 
member gear and the at least one element according to the 
selected one of the first and second configuration, the 
interaction of the first configuration consisting in meshing 
the input pinion with the mating gear, meshing the multiple 
member gear with the first idler gear, meshing the first idler 
gear with the accessory pinion, and coupling the accessory 
pinion with the input pinion, the interaction of the second 
configuration consisting in meshing the input pinion with the 
second idler gear, meshing the second idler gear with the 
mating gear, and coupling the multiple member gear with the 
mating gear. 

There is also provided, in accordance with the present 
invention, a kit for providing a single output shaft turboprop 
gearbox, the output shaft rotatable in either direction 
depending on a selected configuration of the gearbox, the kit 
comprising: the output shaft; an input shaft; a second stage 
gear set co-operative with output shaft; a first stage gear set 
having a first configuration and co-operative with the input 
shaft and with the second stage gear set, the first configu 
ration being operable to permit rotation of the second gear 
stage in a first direction; and a first stage gear set having a 
second configuration and co-operative with input shaft and 
with the second stage gear set, the second configuration 
being operable to permit rotation of the second gear stage in 
a second direction opposite to the first direction; wherein 
only one of the first and second configurations is selected 
depending on the direction of rotation desired for the gas 
turbine engine. 

There is further provided, in accordance with the present 
invention, a method of providing a single-propeller turbo 
prop engine, the method comprising: providing a gas tur 
bine; and providing a reduction gearbox, the gearbox 
mounted to an output shaft of the gas turbine, the gearbox 
having an output propeller shaft and at least first and second 
gear stages coupled to one another, the first gear stage 
adjacent and coupled to the output shaft of the turbine, the 
second gear stage adjacent and coupled to the output pro 
peller shaft, wherein the step of providing the reduction 
gearbox includes the steps of selecting a first gear stage 
configuration from a group consisting of a first gear set 
adapted to permit clockwise propeller operation and a sec 
ond gear set adapted to permit counter-clockwise propeller 
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operation; providing a second gear stage configuration oper 
able with both the first and second gear sets of the first gear 
stage; selecting a desired direction of rotation for the pro 
peller, and selecting the corresponding first gear stage 
configuration. 

In this application, the term “standard rotation' will be 
used to refer to a first direction of rotation (e.g. one of 
clockwise or counter-clockwise) and the term "opposite 
direction of rotation' will be used to refer to a second, or 
opposite, direction of rotation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference will now be made to the accompanying draw 
ings, showing by way of illustration a preferred embodiment 
thereof and in which: 

FIG. 1 is a side cross-section view of a gas turbine engine 
having an offset gearbox according to a preferred embodi 
ment of the present invention; 

FIG. 2 is a side cross-section view of a “standard rotation' 
offset gearbox, according to a preferred embodiment of the 
present invention; 

FIG. 3 is a partial schematic aft view of the gearbox of 
FIG. 2 showing main drive gears thereof; 

FIG. 4 is a partial schematic aft view of the gearbox of 
FIG. 2 showing an accessory drive; 

FIG. 5 is a sectional view of the accessory drive of FIG. 
4 taken along line 5–5; 

FIG. 6 is a side cross-section view of a gearbox similar to 
FIG. 2 but configured according to a preferred embodiment 
of the present invention for rotation in the opposite direc 
tion; 

FIG. 7 is a partial schematic aft view of the gearbox of 
FIG. 6 showing main drive gears thereof; 

FIG. 8 is a partial schematic aft view of the gearbox of 
FIG. 6 showing an accessory drive; and 

FIG. 9 is a sectional view of the main drive gears of FIG. 
7 taken along line 9 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates a turboprop engine 10 having an offset 
gearbox 30, 130 for driving a propeller. The engine 10 
comprises a first rotating assembly including a low pressure 
(LP) turbine 16 and a LP compressor 18 mounted on an LP 
turbine shaft 19, and a second rotating assembly including a 
high pressure (HP) turbine 17 and a HP compressor 15 
mounted on a HP turbine shaft 21. Power turbines 20 drive 
a power turbine output shaft 22, which provides rotational 
input into the gearbox 30, 130. 

The LP and HP compressors 18, 15 draw air into the 
engine 10 via an annular air inlet passage 24, increasing its 
pressure and delivering the compressed air to a combustor 
26 where it is mixed with fuel and ignited for generating a 
stream of hot combustion gases. The LP and HP turbines 16, 
17 extract energy from the hot expanding gases for respec 
tively driving the LP and HP compressors 18, 15. The hot 
gases leaving the LP and HP compressor turbines are accel 
erated again as they expand through the power turbines 20. 
The power turbines 20 provides rotational energy to drive 
the gearbox via the power turbine output shaft 22. 
A gearbox 30, 130 reduces the speed of the power turbine 

20 to one suitable for the propeller. In the present invention, 
the gearbox can either be a “standard rotation' gearbox 30 
or an “opposite rotation' gearbox 130, depending on the 
desired direction of rotation for the propeller. The gearboxes 
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4 
30, 130 of the present invention advantageously may both be 
provided from Substantially the same components, as will be 
explained further below. 

Referring to FIG. 2, the “standard rotation' gearbox 30 is 
shown in more details. A gearbox housing 32, front cover 34 
and accessory drive cover 36 forms a casing containing the 
various gearbox components. A flange 37 on the gearbox 
housing 32 provides the turbomachinery/gearbox interface. 
A flexible input drive shaft 38 couples the gearbox 30 to the 
turbine shaft 22. An output shaft 40 includes a flange 42 to 
which the propeller is attached. The output shaft is supported 
by a front ball bearing 68 and a roller bearing 70 which are 
mounted in the front cover 34 and by a rear rolled bearing 
72 which is mounted in the accessory drive cover 36. 
The gearbox 30 is preferably a two stage reduction 

gearbox with an offset first stage 28 and a planetary second 
stage 29, indicated for description purposes by dotted lines 
in the Figures. 

Referring to FIGS. 2-3, the first stage consists of an input 
pinion 44 coupled to the drive shaft 38 and meshing with a 
first stage gear, or mating gear, 46 which is coaxial with the 
output shaft 40. The first stage gears 44 and 46 are double 
helical gears. The first stage 28 is supported by front 
bearings 48 which are attached to a support housing 50 
mounted into the gearbox housing 32, and by rear bearings 
52 which are attached to the gearbox housing 32. 
The second stage 29 is epicyclic and preferably composed 

according to the following description. A Sun gear 54. 
coaxial with the output shaft 40 and coupled to the first stage 
gear 46 by a free spline 56, is meshed with a plurality of 
planet gears 58. The planet gears 58 are supported on a 
planet carrier 60, which they drive. The planet carrier 60 is 
coupled to the output shaft 40 by a fixed spline coupling 62. 
A stationary ring gear 64 is meshed with the planet gears 58 
Such as to allow an orbiting motion thereof. The stationary 
ring gear 64 is coupled to the Support housing 50 by a free 
spline coupling 66. The second stage is preferably made in 
accordance with U.S. application Ser. No. 10/628,573, filed 
Jul. 29, 2003 by the applicant, which is incorporated herein 
by reference. 
The gearbox 30 includes three accessory drives, each 

preferably rotating at different speeds in the clockwise 
direction looking from the rear of the engine. Referring to 
FIGS. 2, 4 and 5, an accessory pinion 74 is coupled to the 
pinion 44. The accessory pinion 74 is meshed with an idler 
gear 76 which is in turn meshed with a triple accessory gear 
78. The triple accessory gear 78 is an idler mounted onto the 
output shaft 40 by, for example, a needle roller hearing 76 
and is thus free to rotate about its axis. Three accessory drive 
gears 82a, b, c mesh with the corresponding member of the 
triple accessory gear 78 Such as to each drive an accessory. 
The first stage gears of both gearboxes 30, 133 are 

typically more Suitable for driving the engine accessories 
than the second stage gears. The selection of the input drive 
to the accessories is thus reduced to the choice of either the 
pinion 44 or the gear 46. Although driving the accessories 
from the gear 46 is possible. Such design cannot be easily 
adapted for use in a gearbox 130 designed for opposite 
direction rotation. The configuration of the present inven 
tion, in selecting pinion 44 as the driver, presents a design 
which, although in appearance seems more complex, will 
actually allow for a great deal or commonality between the 
two gearboxes 30, 130, as will be explained further below. 

Referring to FIG. 6, the opposite rotation gearbox 130 is 
shown in more details. All the components with identical 
reference numerals are preferably identical to the corre 
sponding components in the standard rotation gearbox 30, 
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while corresponding components having slight differences 
are identified by similar reference numerals to FIGS. 1–5, 
but incremented by 100. As with the standard rotation 
gearbox 30, the opposite rotation gearbox 130 includes a 
gearbox housing 132, a front cover 34, an accessory drive 
cover 36, a flange 37, a flexible input drive shaft 38 to couple 
the gearbox 130 to the turbine shaft 22, and an output shaft 
40 with shaft flanges 42 to receive the propeller. Like in the 
standard rotation gearbox 30, the output shaft is supported 
by the front ball bearing 68 and the roller bearing 70 and by 
the rear roller bearing 72. Slight differences exist between 
the gearbox housings 32, 132, which will be detailed further 
below. 

The gearbox 130 is also preferably a two stage reduction 
gearbox with an offset first stage 128. Referring to FIGS. 
6–7, the first stage 128 is composed of an input pinion 144 
coupled to the drive shaft 38 and meshing with two idler 
gears 145. The two idler gears 145 are then meshed with a 
first stage gear, or mating gear, 146 which is coaxial with the 
output shaft 40. The gears 144, 145 and 146 are also double 
helical gears. The first stage 128 is supported by front 
bearings 148 which are attached to a support housing 150 
mounted into the gearbox housing 132, and by rear bearings 
152 which are attached to the gearbox housing 132. 
The second stage 29 of the opposite rotation gearbox 130 

is identical to the second stage 29 of the standard rotation 
gearbox 30 and therefore need not be described again here. 
The pinion 144 and gear 146 are Smaller than, respec 

tively, the pinion 44 and the gear 46 of the standard rotation 
gearbox 30. However, the rotational speed and the centre 
distance between the input and output drives is preferably 
the same between the two gearboxes 30, 130. Because the 
power from the input shaft 33 is split between two gears 
(idler gears 145), lower bearings loads are transmitted on the 
bearings 148, 152, which are thus smaller than the bearings 
48, 52 of the standard rotation gearbox 30. Because of the 
different configuration of the first stage, the gearbox hous 
ings 32, 132 and support housings 50, 150 are slightly 
different at the location Supporting the pinion 44, 144 and 
bearings 48.52 and 148, 152. However, these differences are 
minor and both sets of housings can be machined from an 
identical casting, which is preferred. All other components 
of the first stage 128 are preferably identical to correspond 
ing components of the standard rotation gearbox 30. Smaller 
bearings and Smaller gears somewhat compensate for the 
addition of the idler gears, and the weight difference 
between the two gearboxes 30, 130 is minimal. 
As with the standard rotation gearbox 30, the opposite 

rotation gearbox 130 has three accessory drives, each pref 
erably rotating at different speeds in the clockwise direction 
looking from the rear of the engine. Referring to FIGS. 6, 8 
and 9, a triple accessory gear 178 is directly coupled to the 
first stage gear 146 by a fixed spline 179. The triple 
accessory gear 178 thus differs from the triple accessory gear 
78 of the standard rotation gearbox 30 which was free to 
rotate about its axis. However, the gear teeth members of the 
gears 78, 178 are preferably identical: the only difference 
here is in the hub of the gear. Three drive gears 82a, 82b and 
82c, identical to the drive gears of the standard rotation 
gearbox 30, mesh with the corresponding member of the 
triple accessory gear 178 Such as to each drive an accessory. 

The accessory drive of the opposite rotation gearbox 130 
thus differs from that of the standard rotation gearbox 30 in 
that the accessory pinion 74 and idler gear 76 are not present, 
and that the hub of the triple accessory gear 178 is adapted 
for receiving a spline instead of a bearing. However, the 
location, size and rotational speed of the triple accessory 
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6 
gears 78, 178 and accessory drive gears 82a, 82b, and 82c 
is the same for both gearboxes 30, 130. 

There is no need for an idler for the right rotational 
direction, in case of the gearbox 130, but driving accessories 
directly from the first stage gear 146 would make accessory 
gears excessively large (transmission ratios range between 1 
and 2.5) and is therefore not preferred. Selection of the 
pinion 144 or the idler gear 145 for the same purpose also 
offers few benefits compared to the scheme of the present 
invention. In the present invention, the triple accessory gear 
78, 178 is driven by the pinion 44 in the case of the standard 
rotation gearbox 30, and by the first stage gear 146 in the 
case of the opposite rotation gearbox 130. However, in both 
cases the triple accessory gear 78, 178 is preferably at the 
same location and is driven in the same direction and speed. 
The accessory drive gears 82a, 82b and 82c in both gear 
boxes 30, 130 can thus be identical and at the same location. 
This allows for the configuration of the accessory drive 
elements of the two gearboxes 30, 130 to be the same, and 
for the accessory drive covers 36 and portions of the gearbox 
housings 32, 132 Supporting the accessory drives to be 
identical. 
The two gearboxes 30, 130 can thus be provided with 

components having a high degree of commonality, with the 
exceptions being the first stage gears and the input compo 
nents of the accessory drive. The Support and gearbox 
housings may also be slightly different, but the similarity is 
Sufficiently close that both housings can be machined from 
the same casting, which represents savings in fabrication. 
The present design thus allows for the construction of either 
a standard rotation gearbox or an opposite rotation gearbox 
with few unique components, thus reducing the costs of 
manufacturing and inventory. 
The embodiments of the invention described above are 

intended to be exemplary. Those skilled in the art will 
therefore appreciate that the foregoing description is illus 
trative only, and that various alternatives and modifications 
can be devised without departing from the spirit of the 
present invention. For example, the specific design of the 
first and second stages may be altered without departing 
from the scope of the teachings contained herein. Casing and 
accessory design may also be modified. Still other changes 
will be apparent to the skilled reader. Accordingly, the 
present invention, as defined by the appended claims, is 
intended to embrace all Such alternatives, modifications and 
variances. 
The invention claimed is: 
1. A gearbox for rotating a propeller of a gas turbine 

engine in a selected one of a first and second direction, the 
gearbox comprising: 

a casing defining an enclosure; 
an output shaft rotating the propeller in the selected one 

of the first and second directions, the output shaft being 
partially enclosed in the casing: 

a mating gear driving the output shaft through a gear train, 
the mating gear having a first position within the 
casing: 

an input shaft receiving power from a turbine and rotating 
in the first direction, the input shalt being partially 
enclosed in the casing: 

an input pinion coupled to the input shaft, the input pinion 
having a second position within the casing: 

a plurality of accessory drive gears each adapted to drive 
one accessory, the plurality of accessory drive gears 
each having a third position within the casing: 

a multiple member gear rotating in the first direction, each 
member of the multiple member gear being meshed 
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with at least one of the plurality of accessory drive 
gears, and the multiple member gear having a fourth 
position within the casing: 

wherein an interaction exists between the input pinion, 
mating gear and multiple member gear, selected from 
the group consisting of a first and second configuration 
with the first, second, third and fourth positions being 
the same in the first and second configuration, the first 
configuration consisting of the input pinion being 
meshed with the mating gear Such that the mating gear 
rotates in the second direction, and the multiple mem 
ber gear being meshed with a first idler gear which is 
meshed with an accessory pinion coupled to the input 
pinion, the first idler gear and the accessory pinion 
being located within the casing, and the second con 
figuration consisting of the input pinion being meshed 
with a second idler gear which is meshed with the 
mating gear Such that the mating gear rotates in the first 
direction, the second idler gear being located within the 
casing, and the multiple member gear being coupled to 
the mating gear; and 

wherein the selection between the first and second con 
figurations determines the selected one of the first and 
second directions. 

2. The gearbox according to claim 1, wherein the casing 
is composed of a plurality of detachably connected hous 
1ngS. 

3. The gearbox according to claim 1, wherein the mating 
gear is coaxial with the output shalt. 

4. The gearbox according to claim 3, wherein the gear 
train is composed of a Sun gear coaxial with the output shaft 
and meshed with a plurality of planet gears, a planet carrier 
rotationally Supporting the plurality of planet gears, and a 
stationary ring gear meshed with the plurality of planet 
gears, the planet carrier being coupled to the output shaft and 
the mating gear being coupled to the Sun gear. 

5. The gearbox according to claim 3, wherein the multiple 
member gear is coaxial with the output shaft. 

6. The gearbox according to claim 1, wherein the plurality 
of accessory drive gears are identical. 

7. The gearbox according to claim 1, wherein one acces 
sory drive gear is meshed with each member of the multiple 
member gear. 

8. The gearbox according to claim 1, wherein the multiple 
member gear has three members. 
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9. A kit for providing a single output shaft turboprop 

gearbox, the output shaft being rotatable in selected single 
one of two opposite directions, the kit comprising: 

the output shaft; 
an input shaft; 
a second-stage gear set co-operative with the output shaft; 
a first first-stage gear set having a first configuration and 

co-operative with the input shaft and with the second 
stage gear set, the first configuration being operable to 
permit rotation of the output shaft in a first one of the 
opposite directions through the second-stage gear set; 
and 

a second first-stage gear set having a second configuration 
and co-operative with the input shaft and with the 
second-stage gear set, the second configuration being 
operable to permit rotation of the output shaft in a 
second one of the opposite directions through the 
Second-stage gear set; 

wherein only one of the first and second first-stage gear 
sets is selected and installed in a gearbox casing in 
engagement with the input shaft and the second-stage 
gear set depending on the selected single one of the 
opposite directions. 

10. The kit according to claim 9, wherein at least one of 
the first and second first-stage gear sets is an offset reduction 
Stage. 

11. The kit according to claim 9, wherein the second-stage 
gear set is an epicyclic reduction stage. 

12. The kit according to claim 9, further comprising at 
least one accessory drive gear driven by the selected one of 
the first and second first-stage gear sets. 

13. The kit according to claim 9, further comprising the 
gearbox casing, the casing being configured to receive the 
second-stage gear set and the selected one of the first and 
second first-stage gear sets. 

14. The kit according to claim 9, wherein one of the first 
and second first-stage gear sets includes at least one idler 
gear operable to reverse a direction of rotation of a driven 
gear in the one of the first-stage gear sets relative to a 
direction of rotation of a corresponding driven gear of the 
other of said first-stage gear sets. 
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